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Abstract—1. Plasma ethanol concentration 3 hr after its oral administration (3 g/kg body wt) did not differ
in 20 day pregnant rats with virgin controls, and in both groups values were higher when studied after

24 hr fasted than when fed.

2. In fed animals, blood glucose and liver glycogen concentrations were lower in pregnant than in virgin
rats, whereas ethanol intake in both groups enhanced blood glucose levels, it reduced liver glycogen
content only in virgins. In fetuses, maternal ethanol intake enhanced blood glucose levels.

3. In fasted animals, ethanol intake decreased blood glucose levels in pregnant and virgin animals but

did not affect these levels in fetuses.

4. Ethanol intake enhanced f-hydroxybutyrate/acetoacetate ratio similarly in blood of pregnant and
virgin rats when either fed or fasted, and it produced the same change in fetuses from fasted mothers.
5. Results indicate that the metabolic response to acute ethanol does not differ between pregnant and
non-pregnant animals, and it is proposed that fetuses passively follow the metabolic changes occurring

in their mothers after receiving ethanol.

INTRODUCTION

The metabolic response to ethanol differs between fed
and fasted subjects and is seen mainly in the change
produced in circulating glucose. In the fed state
ethanol may produce hyperglycemia (Ammon and
Estler, 1967; Tennet, 1941) due to its enhancing effect
on hepatic glycogenolysis (Mirone, 1966). In starv-
ation, when liver glycogen stores are low, ethanol
causes hypoglycemia (Bleicher ez al., 1964; Freinkel et
al., 1965a) due to liver gluconeogenesis inhibition
secondary to changes in the intracellular redox state
caused by ethanol oxidation (Freinkel et al., 1965b;
Krebs et al., 1969; Madison et al., 1967). Pregnancy
is well known to induce metabolic adaptative changes
that are most clearly manifested in the fasting state.
The metabolic response to fasting in late pregnancy
is greatly accelerated (Freinkel et al,, 1970a; Freinkel
et al., 1970b) and enhanced gluconeogenesis (Herrera
et al., 1969; Metzger et al., 1970), ketone body
production (Herrera et al, 1969; Bergman and Sellers,
1960) and adipose tissue lipolysis (Knopp et al., 1970;
Chaves and Herrera, 1980) are among the most
affected parameters in the fasted pregnant rat, com-
pared to virgin controls. Although the effects of
ethanol in pregnancy have been extensively in-
vestigated, most studies have been focused to deter-
mine its negative consequences on fetal development
(for recent reviews, Rosett, 1979; Herrera and
Llobera, 1981) and no attempts have been made to
determine whether the metabolic response to alcohol
differ between pregnant and non-pregnant females. In
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the present study we investigated this point by deter-
mining the response to acute ethanol intaks on
circulating levels of glucose and ketone bodies and
liver glycogen concentration in fed and 24 hr fasted
20-day pregnant rats and virgin controls.

MATERIALS AND METHODS

Female Wistar rats were used weighing 160-180 g, fed rat
chow ad libitum and kept in a temperature (23 + 1°C) and light
controlled (12 hr on—off cycles) room. Half of the animals
were mated and the day of pregnancy was determined by the
presence of spermatozoids in vaginal smears. They were
studied in parallel to virgin controls at day 20 of gestation
in the fed state or after 24 hr fast. Ethanol (3 g/kg body wt)
as a 40% solution in saline or plain saline was administered
by gastric tube without anesthesia and animals were killed
by decapitation 3 hr later. Blood was collected from the
neck wound into heparinized tubes and the liver was
immediately placed in liquid nitrogen. Fetuses were rapidly
dissected and decapitated as described above for blood and
liver collection.

Aliquots of whole blood were deproteinized with
Ba(OH),-ZnSO, (Somogyi, 1945) and supernatants were
analyzed for glucose (Hugget and Nixon, 1957)
B-HO-butyrate and acetoacetate (Willlamson et al., 1962).
The remaining blood was used for plasma separation and
one aliquot was deproteinized with 0.6 M HCIO, containing
40 mM thiourea for ethanol determination by head-space
gas chromatography (Perkin Elmer Sigma 3B), using a
column packed with Carbowax 1540 159 CNW 80/100.
Portions of frozen liver were digested in 40% KOH for
glycogen precipitation (Good et al., 1933) which, after acid
hydrolysis, was analyzed for glucose (Hugget and Nixon,
1957).

Results are expressed as means +SEM and statistical
comparison between the groups was done by the Student’s
t-test.
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Table 1. Plasma ethanol concentration 3 hr after oral administration
of 3 g ethanol/kg body weight in fed and 24 hr fasted rats

Ethdnol (mM)

24 hr
Fed fasted P
Virgins 8.32+1.28 289+, 9 <0.05
20 day pregnants 8.67+2.12 332494 <0.05
P’ NS NS

Values are means +SEM. P corresponds to the significance of the
difference between fasted and fed animals and P’ to that of
pregnants vs virgins (NS = not significant; P > 0.05). N =6-7
animals/group.

RESULTS

As shown in Table 1, plasma ethanol concentration
3 hr after its oral administration did not differ in 20
day pregnant and virgin rats. Fasting for 24 hr pro-
duced a significant and similar increase in plasma
ethanol concentration (Table 1) in both pregnant and
virgin rats.
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Blood glucose levels (Table 2) were significantly
lower in pregnant than in virgin animals under basal
conditions in both the fed and fasted state and as
expected, values in fetuses were always lower than in
their respective mothers. Acute ethanol treatment
produced a significant increase in blood glucose levels
in fed pregnant and virgin rats and their fetuses,
whereas the same treatment in fasted rats produced
a significant decrease in blood glucose levels in both
pregnant and virgin rats and no change in fetuses
(Table 2). Liver glycogen concentration (Table 2) in
fed animals under basal conditions was significantly
lower in pregnant than in virgin rats and it was higher
in fetuses than in their mothers. Fasting produced a
marked reduction in the liver glycogen concentration
in virgin and pregnant rats under basal conditions
but did not affect levels in fetuses which remained
similar to values when their mothers were fed (Table
2). Ethanol treatment affected liver glycogen concen-
tration only in fed virgin animals, producing a
significant decrease, without significantly affecting
any of the other groups (Table 2).

Table 2. Concentration of glucose in blood and glycogen in liver 3 hr after oral administration of 3 g ethanol/kg body

weight in 20 day pregnant and virgin rats eithe{#fgd | or-24.hir fasted

e Blood glucose (mg/dl) Ve Liver glycogen (%)
7 Saline (basals) Ethanol P " Saline (basals) Ethanol P
p
/ Fed animals /
Virgins 113.2+3.5 493+05 3.05+06 <0.05
Pregnants 96.1 +2.6 203402 217403 NS
P’ <0.01 <0.001 N.S.
Fetuses 39.34£3.0 426+0.4 372404 NS
P <0‘. 01 <0.001 <0.05
24 hr fasted
Virgins 6+ 63.3 i.Z"‘ 0.04 + 0.0%** 0.03 1 0.0%** NS
Pregnants 48.8 1 1.9*** 42.0 4 135*** 0.04 +0.01**+ 0.03 4 0.0%*+* NS
P’ 0.001% <0.001 N.S. N.S.
Fetuses 202 +24 26.2/+ 2.4** 3.23 4+ 0.3*+ 296403 NS
4 P <0.001 <0.001 <0.001 <0.001
“®Meanst SEM.

P =Probability between ethanol and basal groups.
P’ = Probability between pregnants and virgins.
P" = Probability between fetuses and their mothers.

*Probability between fasted and fed animals (**P < 0.01, ***P < 0.001).
NS or no asterisk = Differences not statistically significant.

N = 6-8 rats per group.

Table 3. Blood concentration of 8-HO-butyrate and acetoacetate 3 hr after oral administration of 3 g ethanol/kg body weight in 20 day
- pregnant and virgin rats either fed or 24 hr fasted

B-HO-butyrate/acetoacetate

Blood §-HO-butyrate (umol/dl) Blood acetoacetate (umol/dl) ratio

Saline (basals) Ethanol P Saline (basals) Ethanol P Saline (basals)  Ethanol P
Fed animals
Virgins 12.3+2.6° 70+ 14 NS 5410 1.1+04 <005 .36+0 96+25 <0.05
Pregnants 18.5+5.6 142424 NS 8+15 23106 <0.05 31%!1 87+15 <0.05
P’ NS <0.05 NS NS NS NS
Fetuses 15.1 £4.3 74+09 NS 52411 1.7+0.7 <005 31108 53+1.6 NS
P" NS <0.05 NS NS . NS NS
24 hr fasted |
Virgins 203.6 + 16.8*%*  255.7+39.7*** < 0.05 359+ 5.6*** 16.5+£3.3*** <0.05 48+09 99+17 <0.05
Pregnants 611.5+80.9*%*  650.2+44.1*** NS  250.3 +38.3*** 120.1 +16.7*** <0.001 2.6+04 59405 <0.001
P’ <0.001 <0.001 <0.001 <0.001 j <0.05 <0.05
Fetuses 780.4 +49.3***  818.4 +46.0*** NS 150.8 + 23.0%* 54.1 £89*** <0.01 /45+04 132+1.5** <0.001
P NS <0.05 < 0.05 <0.01 /<001 <0.001
*Means + SEM. o T -

P = Probability between ethanol and basal groups.

P’ = Probability between pregnants and virgins.

P " = Probability between fetuses and their mothers.

*Probability between fasted and fed animals **P < 0.01; ***P < 0.001).
NS or no asterisk = Difference not statistically significant.

n = 6-8 rats per group.
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As shown in Table 3, blood levels of
f-HO-butyrate and acetoacetate did not differ in fed
pregnant and virgin rats, under basal conditions and
they were similar in fetuses and their respective
mothers. Ethanol treatment in fed animals decreased
blood levels of f-HO-butyrate slightly but not
significantly whereas it produced a significant de-
crease in acetoacetate levels in all groups. When these
values were expressed as the blood f-HO-butyrate/
acetoacetate ratio, ethanol was seen to have produced
a significant increase in pregnant and virgin rats and
a non significant increase in their fetuses, in which
values did not differ from those of their mothers
(Table 3). Fasting produced a significant increment in
the two ketone bodies in pregnant and virgin rats
under basal conditions but the change was much
greater in the first group (Table 3). In fetuses of basal
mothers fasting produced increases in blood levels of
both f-HO-butyrate and acetoacetate levels similar
to values in their mothers (Table 3). In the fasting
state, ethanol treatment produced a slight increase in
blood f-HO-butyrate levels that was only significant
in virgins (Table 3) but it produced an intense and
significant decrement in blood acetoacetate concen-
tration in virgins and in pregnant rats and their
fetuses. When these values were expressed as the
blood f-HO-butyrate/acetoacetate ratio, it was evi-
dent that ethanol produced a significant increment in
all three groups (Table 3).

DISCUSSION

Present results show that acute oral ethanol treat-
ment produced similar blood ethanol concentrations
and similar metabolic responses in 20 day pregnant
and virgin rats independent of their nutritional
status, while the ethanol response differed substan-
tially in fed and fasted animals.

The blood ethanol concentration found in preg-
nant rats did not differ from that of virgins receiving
the same dose per.unit of body weight, which is in
agreement with the known fact that fetal blood and
amniotic fluid attain the same ethanol concentration
as in mother’s blood (Kaufman and Woollam, 1981),
indicating that their body distribution is similar to
that of nonpregnant subjects and that the ethanol
oxidation is not modified by pregnancy in the rat
(Kesaniemi, 1974). The increase found in blood
ethanol content with fasting may result from both a
more rapid gastrointestinal absorption and a slower
ethanol metabolism (Smith and Newman, 1959).

Opposite changes found in blood glucose levels
after ethanol treatment in fed vs fasted rats are in
agreement with previous reports (Potter and Morris,
1980). Hyperglycemia in fed virgin animals after
ethanol treatment may be related to enhanced liver
glycogenolysis which is known to be directly or
indirectly (catecholamine mediated) stimulated by
alcohol intake (Perman, 1960; Jauhonen et al., 1975)
as it appeared together with reductions of liver
glycogen content. In fed pregnant rats this expla-
nation of alcohol hyperglycemia is more difficult to
support as liver glycogen concentration did not
change after aicohol intake and changes in either
glucose production andjor utilization may be re-
sponsible for much of the alcohol effect. Reduced

basal liver glycogen, secondary to hypoglycemia in
fed pregnant rats, may account partially for lack of
alcohol effect on liver content, but further studies
should be performed to provide a definitive expla-
nation of this mechanism. The increase in blood
glucose levels in fetuses of fed alcohol treated preg-
nant rats may be related more to the changes in blood
glucose levels in their mothers than to the direct
effects of ethanol on fetal metabolism. Maternal
glucose crosses the placenta by facilitated diffusion
(Rice et al., 1979) and as the fetus does not perform
gluconeogenesis, under normal conditions fetal gly-
cemia passively reflects changes in the maternal con-
dition. Lack of change in fetal liver glycogen coin-
cides with recent findings that, unlike in adults,
plasma catecholamine levels in rat fetuses are not
modified by acute maternal ethanol intake (Mena,
Zorzano and Herrera, unpublished observations).
These data indicate that the fetus does not directly
respond to the ethanol received through the placenta
after acute maternal intake and that its negative
consequences are secondary to effects in the mother.
This hypothesis is in agreement with the known fact
that the fetus has a very slow ethanol oxidation rate
(Horiguchi et al., 1971) due to its limited ethanol-
oxidizing enzyme activities (Raiha et al., 1967).

In the fasting state, ethanol intake produced hypo-
glycemia. Our present findings in virgin animals
coincide with previous reports (Potter and Morris,
1980; Tramil et al., 1981) and a similar response was
found to occur in fasted pregnant rats. In the fasted
state, blood glucose levels depend on glucose syn-
thesis which is known to be enhanced in virgin and
pregnant animals (Herrera et al, 1969). Ethanol
fasting hypoglycemia has been specifically related to
an inhibition in liver gluconeogenesis secondary to
the change produced in liver redox state (Freinkel et
al., 1965b; Madison er al., 1967). Our finding of
enhanced blood f-HO-butyrate/acetoacetate ratio
after ethanol intake in pregnant and virgin animals is
consistent with such a mechanism.

Intensive basal hypoglycemia in fetuses from fasted
mothers precludes its further change as a con-
sequence of glucose level decreases after maternal
alcohol intake. In this condition fetal ketosis is very
high because ketone bodies cross the placenta freely
(Scow et al., 1958) and it is known that the fetus may
utilize these metabolites as alternative fuels (Shan-
baugh et al., 1977) thus conserving glucose. The fact
that the blood S-HO-butyrate/acetoacetate ratio in
the fetus changes in the same direction as the
mother’s after alcohol intake seems to be a con-
sequence of the maternal alcohol effects but further
studies are required to establish the potential con-
sequences of this marked change in the redox state on
fetal metabolism.

In summary, qualitative metabolic effects of acute
alcohol intake do not differ in pregnant and virgin
rats either fed or fasted. The fetus passively follows
the metabolic changes of maternal events but their
immediate and prolonged consequences remain to be
determined.

Acknowledgements—The present work was carried out with
a grant from the Comision Asesora de Investigacion



540

Cientifica y Técnica, Ministerio de Educacion y Ciencia of
Spain. The authors wish to thank Caroline S. Delgado for
her editorial help.

REFERENCES

Ammon H. P. T. and Estler C. J. (1967) Influence of acute
and chronic administration of alcohol on carbohydrate
breakdown and energy metabolism in the liver. Nature
216, 158-159.

Bergman E. N. and Sellers F. (1960) Comparison of fasting
ketosis in pregnant and nonpregnant guinea pigs. Am. J.
Physiol. 198, 1083-1086.

Bleicher S. J., Freinkel, N., Bryne J. J. and Seifert D. (1964)
Effect of ethanol on plasma glucose and insulin in the
fasted dog. Proc. Soc. exp. Biol. Med. 115, 369-373.

Chaves J. M. and Herrera E. (1980) In vitro response of
glycerol metabolism to insulin and adrenaline in adipose
tissue from fed and fasted rats during pregnancy. Biol.
Neonate 38, 139-145.

Freinkel N., Arky R. A., Singer D. L., Cohen A. K.,
Bieicher S. J., Anderson J. B., Silbert C. K. and Foster
A. E. (1965a) Alcohol hypoglycemia. IV. Current
concepts of its pathogenesis. Diabetes 14, 350-361.

Freinkel N., Cohen A. K., Arky R. A. and Foster A. E.
(1965b) Alcohol hypoglycemia. II. A postulated mech-
anism of action based on experiments with rat liver slices.
J. clin. Endocr. 25, 76-94.

Freinkel N., Herrera E., Knopp R. H. and Ruder H. J.
(1970a) Metabolic realignments in late pregnancy: a clue
to diabetogenesis. In Early Diabetes in Early Life. pp.
205-219. Academic Press, New York.

Freinkel N., Metzger B. E., Herrera E., Agnoli F. and
Knopp R. (1970b) The effects of pregnancy on metabolic
fuels. In Proc VII Congr. Int. Diabetes Federation. Buenos
Aires. Excerpta Medica International Conference Series
231, 656-666.

Good C. A, Kramer H. and Somogyi M. (1933) The
determination of glycogen. J. biol. Chem. 100, 485-491.

Herrera E., Knopp R. H. and Freinkel N. (1969) Carbo-
hydrate metabolism in pregnancy. VI. Plasma fuels,
insulin, liver composition, gluconeogenesis and nitrogen
metabolism during late gestation in the fed and fasted
rats. J. clin. Invest. 48, 2260-2272.

Herrera E. and Llobera M. (1981) Ethanol toxicity: lipid
and carbohydrate metabolism; ethanol in pregnancy and
the fetal alcohol syndrome. In Organ-Directed Toxicity
Chemical Indices and Mechanisms (IUPAC) pp. 11-25.
Pergamon Press, Oxford.

Horiguchi T., Suzuki K., Comas-Urrutia, A. C., Mueller-
Heubach E., Boyer-Millc A. M., Baratz R. A., Morishima
H. O. and James L. S. (1971) Effect of ethanol upon
uterine activity and fetal acid-base state in the rhesus
monkey. Am. J. Obstet. Gynec. 109, 910-917.

Hugget A. St. G. and Nixon D. A. (1957) Use of glucose
oxidase, peroxidase and O-anisidine in the determination
of blood and urinary glucose. Lancet 2, 368-379.

Jauhonen V. P. M., Savolainen M. J. and Hassinen 1. E.
(1975) Effects of acetaldehyde and acetate on hepatic
glycogenolysis and adipose tissue lipolysis ir vivo. In The
Role of Acetaldehyde in the Actions of Ethanol pp.

FRANCESC VILLARROYA et al.

123-134. The Finnish Foundation for Alcohol Studies,
Helsinki.

Kaufman M. F. and Woollam D. H. M. (1981) The passsage
to the foetus and liquor amnii of ethanol administered
orally to the pregnant mouse. Br. J. exp. Path. 62,
361-367.

Kesaniemi Y. A. (1974) Metabolism of ethanol and acet-
aldehyde in intact rats during pregnancy. Biochem. Phar-
mac. 23, 1157-1162.

Knopp, R. H., Herrera E. and Freinkel N. (1970) Carbo-
hydrate metabolism in pregnancy. VIII. Metabolism of
adipose tissue isolated from fed and fasted pregnant rats
during late gestation. J. clin. Invest. 49, 1438-1446.

Krebs H. A., Freedland R. A., Hems R. and Stubbs M.
(1969) Inhibition of hepatic gluconeogenesis by ethanol.
Biochem. J. 112, 117-124.

Madison L. L., Lochner A. and Wulff J. (1967) Ethanol-
induced hypoglycemia. II. Mechanism of suppression of
hepatic gluconeogenesis. Diabetes 16, 252-258.

Metzger B. E., Agnoli F. S. and Freinkel N. (1978) Effect
of sex and pregnancy on formation of urea and ammonia
during gluconeogenesis in perfused rat livers. Horm.
Metab. Res. 2, 367-368.

Mirone L. (1966) Effects of ethanol in single dose on liver
of ethanol-treated and nontreated mice. Am. J. Physiol.
210, 390-394.

Perman E. S. (1960) The effect of ethyl alcohol on the
secretion from the adrenal medulla of the cat. Acta
physiol. scand. 48, 323-328.

Potter D. E. and Morris J. W. (1980) Ethanol-induced
changes in plasma glucose, insulin and glucagon in fed
and fasted rats. Experientia 36, 1003-1004.

Raiha N. C. R., Koskinen M. and Pikkarainen P. (1967)
Developmental changes in alcohol-dehydrogenase activ-
ity in rat and guinea-pig liver. Biochem. J. 103, 623-626.

Rice P. A., Rourke J. E. and Nesbitt R. E. L. Jr. (1979) In
vitro perfusion studies of the human placenta. VI. Evi-
dence against active glucose transport. Am. J. Obstet.
Gynec. 133, 649-655.

Rosett H. L. (1979) Clinical pharmacology of the fetal
alcohol syndrome. In Biochemistry and Pharmacology of
Ethanol Vol. 2, pp. 485-509, Plenum Press, New York.

Scow R. O., Chernick S. S. and Smith B. B. (1958) Ketosis
in the rat fetus. Proc. Soc. exp. Biol. Med. 98, 833-835.

Shanbaugh III, G. E., Mrozak S. C. and Freinkel N. (1977)
Fetal fuels, I. Utilization of ketones by isolated tissues at
various stage of maturation and maternal nutrition dur-
ing late pregnancy. Mezabolism 26, 623-635.

Smith M. E. and Newman H. W. (1959) The rate of ethanol
metabolism in fed and fasted animals. J. biol. Chem. 234,
1544-1549.

Somogyi M. (1945) Determination of blood sugar. J. biol.
Chem. 160, 69-73.

Tennet D. M. (1941) Factors influencing the effects of
alcohol on blood sugar and liver glycogen. Q. J. Stud.
Alcohol. 2, 263-269.

Tramil J. L. Turner P. E., Harwell G. and Davis S. (1981)
Alcoholic hypoglycemia as a result of acute challenges of
ethanol. Physiol. Psychol. 9, 114-116.

Williamson D. H., Mellanby J. and Krebs H. A. (1962)
Enzymatic determination of D(— )-B-hydroxybutiric acid
and acetoacetonic acid in blood. Biochem. J. 82, 90-96.



